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Surgical treatment strategy for multiple injury patients
in ICU
ZHANG Lian-yang*, YAO Yuan-zhang, JIANG Dong-po, ZHOU Jian, HUANG Xian-kai, SHEN Yue and HUANG Jian
【Abstract】Objective:    To investigate the surgical
treatment for patients with multiple injuries in ICU.
Methods:    Clinical data of 163 multiple injury patients
admitted to ICU of our hospital from January 2006 to Janu-
ary 2009 were retrospectively studied, including 118 males
and 45 females, with the mean age of 36.2 years (range, 5-67
years). The injury regions included head and neck (29 cases),
face (32 cases), chest (89 cases), abdomen (77 cases), pelvis
and limbs (91 cases) and body surface (83 cases). There
were 57 cases combined with shock. ISS values varied from
10 to 54, 18.42 on average. Patients received surgical treat-
ments in ICU within respectively 24 hours (10 cases), 24-48
hours (8 cases), 3-7 days (7 cases) and 8-14 days (23 cases).
Results:    For the 163 patients, the duration of ICU stay
ranged from 2 to 29 days, with the average value of 7.56
days. Among them, 143 were cured (87.73%), 11 died in the
hospital (6.75%) due to severe hemorrhagic shock (6 cases),
craniocerebral injury (3 cases) and multiple organ failure (2
cases), and 9 died after voluntarily discharging from hospi-
tal (5.52%). The total mortality rate was 12.27%.
Conclusions:    The damage control principle should be
followed when multiple injury patients are resuscitated in
ICU. Surgical treatment strategies include actively control-
ling hemorrhage, treating the previously missed injuries and
related wounds or surgical complications and performing
planned staging operations.
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With the wide application of damage control(DC) in treating multiple injuries, the num-ber of multiple injury patients who are re-
suscitated in ICU has been gradually increased.
Multidisciplinary collaboration is required to treat vari-
ous physiological disorders,1 however, complicated sur-
gical problems in these patients are still great chal-
lenges for ICU doctors.2 In the present study, the data
on clinical treatment and prognosis of 163 multiple in-
jury patients who were admitted to ICU of our hospital
from January 2006 to January 2009 were retrospectively
studied to investigate the surgical treatment strategies
for multiple injury in ICU.
 METHODS
General data
A total of 163 multiple injury patients who were
treated in ICU of our hospital from January 2006 to Janu-
ary 2009 were retrospectively studied. There were 118
males and 45 females, with the median age of 36.2
years (range, 5-67 years). The causes of injury included
traffic accident (106 cases, 65.04%), stab wound (25
cases, 15.34%), falling (19 cases, 11.66%) and engi-
neering accident (13 cases, 7.98%). The injury sites
involved head and neck (29 cases), face (32 cases),
chest (89 cases), abdomen (77 cases), pelvis and limbs
(91 cases) and body surface (83 cases). There were 57
cases combined with shock. The ISS values varied from
10 to 54, 18.42 on average.
Pre-ICU treatment
Totally 121 patients were directly sent from the in-
jury place to our hospital 8-312 minutes after injury,
with an average interval of 67.33 minutes. Among them,
5 patients were directly sent to ICU due to severe cran-
iocerebral injury, 116 patients were transferred to the
ICU after undergoing emergency operations and the pre-
operative preparations in hospital lasted for 43.55
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minutes. Of the 116 patients, 23 received immediate
operation, including 5 severe shock, 9 severe crush in-
jury in the limb or pelvis and 9 thoracoabdominal pen-
etrating injury; the remaining 93 patients who showed
stable vital signs after arriving at hospital or resuscita-
tion received emergency 64-slice spiral CT scan. The
emergency operations consisted of closed thoracic
drainage (65 cases), exploratory thoracotomy (11
cases), exploratory laparotomy (44 cases), evacuation
of intracranial hematoma (12 cases), decompressive
craniectomy (10 cases), reconstruction of limb blood
vessel (4 cases), debridement (43 cases), pelvic exter-
nal fixation (24 cases), amputation (21 cases) and limb
external fixation or bone traction (41 cases).
Forty-two patients were sent to our hospital after re-
ceiving emergency surgical treatment in our techniquely
guided hospitals around Chongqing city. The emergency
treatment included tracheal intubation (12 cases),
closed thoracic drainage (26 cases), thoracotomy (9
cases), laparotomy (44 cases), fracture fixation (29
cases) and wound dressing (10 cases). They were
transported to our hospital 1-18 days after injury, 2.46
days on average, respectively due to severe injury (12
cases), traumatic or surgical complications (26 cases)
and requirement of their family members (4 cases).
Surgical treatment in ICU
Of the 163 patients, altogether 28 patients (15.95%)
received 48 surgical operations in ICU. Ten operations
were performed within 24 hours after injury, including
thoracotomy in 2 cases, laparotomy in 2 cases, ab-
dominal expansion in 2 cases, closed thoracic drain-
age in 2 cases and hepatic artery embolization in 2
cases; 8 operations between 24 to 48 hours after injury,
including tamponade of vaginal wound in 1 case, re-
moval of femoral arterial thrombus in 1 case, bone trac-
tion in 2 cases, removal of peritoneal packed gauze
and hepatic debridement in 1 case and plaster external
fixation in 3 cases; 7 operations between 3 to 7 days
after injury, including closure of abdominal incision de-
hiscence in 1 case, drainage of the infection after ab-
dominal incision in 2 cases, closed thoracic drainage
in 2 cases and ileostomy in 2 cases; 23 operations
between 8 to 14 days after injury, including internal frac-
ture fixation in 14 cases, subtotal gastrectomy for stress
ulcer in 1 case, hepatic artery embolization in 1 case,
puncture and drainage of abdominal abscess in 2 cases,
burr hole drainage in 2 cases, removal of coagulated
hemothorax under thoracoscope in 1 case, ileostomy
in 1 case and pelvic external fixation in 1 case.
RESULTS
For the 163 patients, the duration of treatment in
the ICU varied from 2 to 29 days, with the average value
of 7.56 days. Among them, 143 were cured (87.73%),
11 died in hospital (6.75%) due to severe hemorrhagic
shock (6 cases), craniocerebral injury (3 cases) and
multiple organ failure (2 cases), and 9 died after volun-
tarily discharging from the hospital (5.52%). The total
mortality rate was 12.27%.
DISCUSSION
As the involvement of multiple systems, organs and
positions, multiple injury should be emergently treated
by multidisciplinary collaboration, which remains a great
challenge for emergency treatment.2 After emergency
surgical treatment, the patients are usually transferred
into ICU for resuscitation, meanwhile receive the best
physiological support. The key points of physiological
support are listed as follows: (1) reversing hypovolemia
as quickly as possible; (2) remedying hypothermia
through reducing loss of body heat and active heating,
simultaneously avoiding infusion of cold solution;3 (3)
preventing blood coagulation dysfunction by mainte-
nance of normal body temperature, effective circulatory
blood volume and tissue oxygenation, infusion of fresh
and frozen plasma, platelet and coagulation factor as
well as supplement of calcium and vitamin K;4 (4) rem-
edying metabolic acidosis by ensuring adequate car-
diac output and oxygen transportation through fluid
expansion and improvement of hematocrit, hemoglobin
concentration and arterial oxygen pressure;5 (5) sup-
porting circulatory and respiratory function; (6) perform-
ing surgical treatment based on DC principle, including
management of hemorrhage, missed injuries and vari-
ous posttraumatic or postoperative complications as
well as planned staging operations.
Active control of hemorrhage
The mechanisms of hemorrhage for multiple injury
patients in ICU are as follows3: (1) vascular injuries are
not detected in initial operation due to vascular spasm
or low perfusion, and later active hemorrhage is caused
by increased body temperature or reperfusion after
resuscitation; (2) hemorrhage is not definitively treated
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in the initial operation; (3) coagulation dysfunction is
induced by persistent loss of platelet and coagulation
factors due to massive hemorrhage; (4) resuscitation
requires infusion of massive crystal and colloid, includ-
ing concentrated red cells which do not contain platelet
and coagulation factors, resulting in dilution of platelet
and coagulation factors; (5) coagulation dysfunction is
induced by hypothermia, acidosis, hypocalcemia and
reduced synthesis of coagulation factors.
Early diagnosis is the key point for treatment of
hemorrhage.4 Coagulogram should be dynamically
examined. Thromboelastography can evaluate the whole
course of coagulation from combination of platelet and
fibrin to dissolution of blood clot, which lasts about 20
minutes, and thus being very useful in ICU. Treatment
for remedying coagulation dysfunction should be relied
on individual condition of each multiple injury patient.
Besides remedying hypothermia and maintaining effec-
tive circulatory blood volume and tissue oxygenation,
infusion of fresh and frozen plasma, platelet and co-
agulation factor, as well as supplement of calcium and
vitamin K, are also important. If the hemorrhage is not
caused by coagulation dysfunction, surgical treatment
should be administered.6 There were 14 such cases in
this study and their surgical management were as
follows. (1) For patients with progressive thoracic hem-
orrhage after undergoing closed thoracic drainage for
thoracic blunt injury, if the total drainage volume>1 500
ml or drainage volume>200 ml for successive 4 hours,
exploratory thoracotomy for intercostal vascular suture,
lung laceration suture or partial resection were performed.
(2) For patients experiencing abdominal progressive hem-
orrhage and having unstable hemodynamics, positive
results of abdominal puncture or bedside ultrasound
examination, laparotomy, hepatic debridement and
resection, mesentery blood vessel suture or hepatic ar-
tery embolization were performed. (3) Patients with vagi-
nal laceration and hemorrhage caused by pelvic crush
injury received gauge tamponade. (4) Patients with pro-
gressive enlargement of retroperitoneal hematoma caused
by pelvic fracture received external fixation.
Treatment for missed injuries
Because multiple injury patients have unstable he-
modynamics and require emergency treatment, insuffi-
cient examination and misdiagnosis of injuries often
occur in the emergency department or operating room.
Therefore, when patients show stable vital signs in ICU,
a comprehensive physical and radiological examina-
tion should be taken to eliminate missed injuries, which
sometimes may be severe ones. However, even small
missed injuries, such as a slight fracture or ligament
injury, would result in a long-term dysfunction. In the
present study, there were 11 cases of missed injuries
during emergency treatment and they were detected in
ICU, including intestinal injury in 3 cases, fracture in 4
cases, ligament injury in 3 cases and thoracic hemor-
rhage in 1 case. They were treated by ileostomy,
traction, external fixation with frame or plaster and
closed thoracic drainage, respectively.6 Moreover, in-
testinal injury should be paid more attention to in the
early stage when its symptoms and signs are not
obvious. It should be confirmed before the recovery of
intestinal peristalsis or severe peritoneal/retroperitoneal
infection, otherwise the best time for treatment would
be lost.7 In the present study, there are 3 patients with
injury miss-diagnosed in the primary hospitals, 1 splenic
flexure of colon injury in a patient with abdominal stab
injury (misdiagnosed for 14 days), 1 rectal injury in a
patient with pelv ic fracture caused by fal l ing
(misdiagnosed for 7 days) and 1 ileum perforation in a
patients with traffic accident (misdiagnosed for 3 days).
Therefore, it is important to perform dynamic physical
examination, repetitive CT and ultrasound examination
to avoid missed visceral injury.
Posttraumatic or postoperative complications that
require surgical treatment
The common complications of multiple injury after
emergency treatment include abdominal compartment
syndrome (ACS), stress ulcer, deep venous thrombosis,
acute respiratory distress syndrome (ARDS), nosoco-
mial infection, thoracic and abdominal complications.
ACS can lead to abdominal dilation, increased re-
quirement for mechanical ventilation pressure, increased
intracranial pressure, progressive oliguria even anuria,
decreased cardiac output and hypotension.8 For pa-
tients with ACS, bladder pressure should be monitored
routinely and dynamically for early diagnosis.9 In the
present study, there were 4 patients with ACS, 2 treated
by incision vacuum sealing and 2 by abdominal para-
centesis for decompression and hepatic artery embo-
lism for hemostasis. Because physiological disorder is
serious in this period, besides following DC principle,
simple and effective methods should be selected to de-
crease intraabdominal pressure and improve organ
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perfusion, cardiac function and mechanical ventilation.10,11
As for stress ulcer, early remedy for visceral is-
chemia and hypoxia and administration of preventive
proton pump inhibitor can significantly decrease its
incidence. Once stress ulcer with bleeding is observed,
poor prognosis in multiple injury patients is indicated.
Under this circumstance, whether to perform an opera-
tion or not is usually difficult to determine, and even
gastroscopic examination can not be conducted. In this
study, one patient, 14 days after cerebral injury, was
diagnosed as having active duodenal bulb ulcer with
hemorrhage by gastroscopy. The patient was decisively
and successfully treated by operation.
In ICU, multiple injury patients are a high risk popu-
lation for nosocomial infection due to massive blood
loss, injury to skin or hollow organs and intubation.
Washing the surgical field with abundant normal saline
(about body temperature) is not only the first but also
the most important step to prevent  infection. Contami-
nation should be “diluted” to the minimal extent, and
severely contaminated necrotic tissues should be
removed. Such debridement operation can be performed
during emergency operation or ICU stay. For local
infection, surgery treatment should be timely performed.
In this study, intestinal injury had been miss-diagnosed
in several cases, resulting in severe infection. For se-
vere sepsis patients who are highly suspected to have
abdominal infection or misdiagnosed intestinal injury,
we recommended exploratory laparotomy even for the
patients with negative results of imaging examination,
such as CT, ultrasound, etc.
Implementation of planned staging operation
The operation for multiple injury patients is divided
into two stages: (1) planned operations in the early stage
(24-48 hours after injury), which include re-exploration,
definitive treatment of injured organs, bone traction, etc,
after successful resuscitation and correction of coagu-
lation disorder, hypothermia and acidosis; (2) planned
operations in later stage (7-14 days after injury), which
include internal fracture fixation, burr hole drainage of
subdural effusion and evacuation of clotted hemotho-
rax after stable vital signs, relieved SIRS, alleviated tis-
sue edema and healed open wound are observed.
ICU is an important stage for treatment of severe
multiple injury. It focuses on the maintenance of stable
circulation, but not simply depends on fluid resuscita-
tion and vasoactive drugs. For multiple injury patients,
wound conditions and necessity of surgical interven-
tion should be fully understood. Meanwhile, successful
treatment and length of stay in ICU and the incidence
of MODS are not only related to the performance in ICU
but also determined by the severity of injury, the defini-
tive operation performed within the golden time after
injury and the injury care system in a hospital.2
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